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[57] ABSTRACT 
The columns of a memory array are accessed by a plu 
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'rality of column decoders, each decoder selectively 
accessing one column in a respective group of columns. 
Each column decoder can be connected to a respective 
data line by way of a ?rst transistor, and the data line 
can also be connected to the decoder of a preceding 
group of columns by way of a second transistor. The 
second transistor associated with the ?rst stage can 
connect the ?rst data line to a spare column decoder 
accessing a spare group of columns. 

The conditon of each pair of ?rst and second transistors 
is controlled by way of a respective normally closed 
fuse, and generally each column decoder is connected 
by its ?rst transistor only to its respective data line. 
However, if defects are found in a group of columns, 
the associated fuse is blown to isolate that group from 
its data line. The second transistor is then rendered 
conductive to connect the data line to the preceding 
column decoder. Similarly, the data line of each preced 
ing group is connected to the preceding column de 
coder with the ?rst data line being connected to the 
spare column decoder. 

26 Claims, 4 Drawing Figures 
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REPAIRABLE MEMORY ARRAY 

BACKGROUND TO THE INVENTION 

The present invention relates to a memory circuit and 
to a method of replacing a column of a memory array. 

It is known to make memory circuits tolerant of de 
fects, for example, by providing spare memory loca 
tions for substitution into the memory array for any 
defective locations. For example, GB-A-l550 675 de 
scribes a system in which individual cells of a spare 
memory row or column can be substituted for defective 
cells'of a memory array. In this system, the address of 
each defective cell is stored such that when it is re 
quired to address that defective cell, a replacement cell 
is addressed in its stead. GB-A-l398438 and 1455716 
also describe systems where replacement locations are 
addressed instead of locations known to be defective. 
However, in GB-A-l398438 a defective row of the 
array is replaced by a spare row whilst in GB-A 
1455716 a defective sector is replaced by a spare sector. 

In addition, an EPROM with a nine block cell array 
which can be used as an 8 bit memory with the ninth 
block providing a redundant block is described in “A 
288K CMOS EPROM with redundancy” by M. Yo 
shida et al, pages 544-549 of IEEE Journal of Solid 
State Circuits, Vol SC-l8, No. 5, October 1983. 

Until recently, microprocessors in particular have 
operated using relatively small data words, for example, 
of 8 bits or less and the memory arrays therefore have 
been kept quite narrow. As the width, that is the num 
ber of columns, of a memory array is increased, it be 
comes more dif?cult to provide for access to the array 
such that each location can be accessed in substantially 
the same time and such that each location “looks” sub 
stantially the same to the processor. Because of this, any 
redundancy has previously been provided as spare rows 
to replace rows of the array. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
memory circuit including column redundancy. 
According to a ?rst aspect of the present invention 

there is provided a memory circuit comprising a mem 
ory array having a plurality of ‘rows and columns, a 
plurality of column decoders for enabling access to 
columns in said array, each column decoder being asso 
ciated with a respective group of said columns and 
being arranged to selectively access one of the columns 
in the respective group, and further comprising a spare 
group of memory columns and a further column de 
coder associated with said spare group of columns and 
arranged to selectively access one of the columns in said 
spare group, and logic means programmable to inhibit 
access to a selected group of said columns and to enable 
access to said spare group of columns. 

Preferably, said logic means is arranged to connect 
each group of columns to a respective data line. Said 
logic means is also programmable to isolate said se 
lected group of columns from its respective data line, 
and to connect the data line associated with said se 
lected group of columns to the adjacent preceding 
group of columns, the spare group of columns constitut 
ing the adjacent preceding group of columns to the ?rst 
group of columns. 
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2 
In an embodiment, the spare group of columns is 

physically adjacent to the ?rst group of columns in the 
memory array. 

Thus, any selected group of columns which is found 
to be defective can be replaced by the adjacent preced 
ing group of columns. In view of the proximity there is 
no signi?cant increase in access time. Similarly, the data 
line of the replacement group is connected to the next 
preceding group and so on until the data line of the ?rst 
group is connected to the spare group of columns. 

In an embodiment, each row of the memory array is 
arranged to store more than one data word, only one 
data bit of each data word being stored in any one group 
of columns. Further, the number of columns in each 
group is equal to the number of data words to be stored 
in each row, and the number of groups of columns is 
equal to the number of data bits making up each data 
bits making up each data word. correspondingly posi 
tioned bits of each data word are then stored in each 
group of columns. 

Preferably, said logic means has a respective logic 
circuit associated with each group of columns of the 
memory array, each logic circuit comprising ?rst pro 
grammable switch means arranged to connect the asso 
ciated column decoder and the respective data line and 
second programmable switch means arranged to con 
nect said respective data line and the column decoder 
associated with the adjacent preceding group of col 
umns, the spare group of columns constituting the adja 
cent preceding group of columns to the ?rst group of 
columns. 
Each said logic circuit preferably includes a further 

programmable switch means, such as a fuse, arranged to 
control said ?rst and second switch means. The further 
switch means normally controls ?rst switch means to 
connect the associated group of columns to said respec 
tive data line, and normally controls the second switch 
means to isolate said respective data line from other 
groups of columns. The condition of the further switch 
means is used to represent whether or not the associated 
group of columns contains one or more defects. 
To ensure that each data line is only connected to one 

group of columns, the further programmable switch 
means of each logic circuit is also arranged to control 
the condition of said ?rst and second switch means of 
the next logic circuit associated with the adjacent pre 
ceding group of columns. 
The ?rst and second switch means of each logic cir 

cuit may be ?rst and second transistors whose gates are 
connected to said further switch means, the gate of one 
of said transistors being connected to said switch means 
by way of an inverter. 
The present invention also extends to a method of 

replacing a column of a memory array with a different 
memory column, where the memory array has a plural 
ity of rows and columns, a plurality of column decoders 
are each associated with a group of columns in said 
array, and each said column decoder is arranged to 
selectively access one of the columns in the respective 
group, and where a spare group of memory columns 
and a further column decoder associated with said spare 
group are provided, said further column decoder being 
arranged to selectively access one of the columns in the 
spare group, the method comprising the steps of inhibit 
ing access to a selected group of columns, and enabling 
access to the spare group of columns. 

In an embodiment, where each group of columns of 
the array is normally connected to a respective data line 
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by way of the associated column decoder, and wherein 
access to said selected group of columns is inhibited by 
isolating said group of columns from its respective data 
line, the method further comprises the steps of connect 
ing the data line associated with the selected group of 
columns to the adjacent preceding group of columns, 
the spare group of columns constituting the adjacent 
preceding group of columns to the ?rst group of col 
umns. Further, any group of columns whose respective 
data line has been connected to the succeeding group of 
columns is connected to the data line of the adjacent 
preceding group of columns, and the data line of the 
?rst group of columns is connected to said spare group 
of columns, such that each data line is only connected to 
one group of columns. 

In an embodiment providing increased levels of re 
dundancy, two or more spare groups of columns are 
provided, and any group of columns whose respective 
data line has been connected to the succeeding group of 
columns is connected to the data line of a preceding 
group of columns, the data line of the ?rst group of 
columns being connected to one of said spare groups of 
columns, such that each data line is only connected to 
one group of columns. Access to a plurality of selected 
groups of columns is inhibited by isolating each said 
selected group from its respective data line, the number 
of isolated selected groups being less than or equal to 
the number of ‘spare groups. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the present invention will hereinaf 
ter be described, by way of example, with reference to 
the accompanying drawings, in which: 
FIG. 1 shows an embodiment of a memory circuit 

including a memory array which may be repaired, 
FIG. 2 shows schematically the arrangement of data 

bits in one row of the memory, 
FIG. 3 shows one embodiment of logic means en 

abling repair of the memory, and 
FIG. 4 shows schematically how the logic means of 

FIG. 3 might be extended to enable more of the mem 
. ory array to be repaired. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

FIG. 1 shows a block diagram of a memory circuit 
including a random access memory (RAM) 1 and en 
abling the RAM to be repaired. In this embodiment, the 
RAM is an array having 16 rows and 4X16 columns. It 
is assumed that each word to be stored in the RAM will 
be 16 bits such that four words can be stored in each 
row of the RAM array 1. 
Each row of the RAM array 1 is connected to a row 

decoder/driver 2 arranged to access an individual row 
of the RAM array 1 upon receipt of the appropriate 
multi-bit row address on the address lines 3. 
The data bits stored in the individual locations along 

each row are, in this embodiment, the bits of four 16 bit 
data words which are arranged in an interleaved man 
ner as is illustrated in FIG. 2. Thus, FIG. 2 shows the 
?rst four bits of the four data words. As is apparent, the 
correspondingly positioned bits of all four data words 
are stored in each group such that at any one time it is 
only necessary to access one bit from each group of four 
bits. Thus, to access word 0 it is only necessary to access 
the most right hand bit of every group of four bits. 
Column decoders 4 are provided to access the groups 

of columns in the RAM array 1. Each column decoder 
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4 
is associated with one group of columns and is arranged 
to selectively access one of the columns in the associ 
ated group. Preferably, the column decoders 4 are 
ganged switches such that when one decoder selects 
one column in its associated group, the other decoders 
similarly select the corresponding columns in their re 
spective group. The address of a column to be accessed 
is fed to the decoders 4 by way of column address lines 
5. 
To access a word in the RAM array 1 it is necessary 

to put the row address of this word on the row address 
lines 3. However, it is then only necessary to put on the 
address lines 5 the address of one of the columns con 
taining one bit of that word. Because the column decod 
ers 4 are ganged together each column decoder will 
similarly access the corresponding column in its associ 
ated group such that every bit of the word on the ac 
cessed row will be accessed. 
The memory circuit illustrated in FIG. 1 includes not 

only the address lines 3 and 5 but also input and output 
data lines 6 and 7. It is intended that the memory circuit 
of FIG. 1 would be used with a processor or other 
control unit (not shown) which would address the 
RAM array 1 to either output data on the output line 7 
or input data on the input line 6 in normal manner in 
accordance with a program. 
To read data, the words stored in the array 1 are 

accessed as described above and the data is connected 
by way of logic circuits 8 to a data bus 9. The data on 
the data bus 9 is then sensed by sense ampli?ers l0 and 
buffered by data out buffers 11 in normal manner. 

Similarly, to write data into the array 1, the word 
locations are accessed in the array 1 and the data to be 
written into those locations is presented to the data bus 
9 from the data input line 6 by way of data in buffers 12 
and write logic 13. This data will then be written from 
the data bus 9 into the accessed locations of the array 1 
substantially as described above. In both the read and 
the write operations the data is fed by way of logic 
means 8. 
The memory circuit shown in FIG. 1 also includes a 

group of spare columns 14. In this embodiment this 
group of spare columns will include four columns. A 
spare column decoder 15 is associated with the group of 
spare columns 14 and is connected to the column decod 
ers 4 for ganged operation therewith. This spare group 
of columns 14 is connected to the RAM array 1 such 
that the rows thereof can be accessed by the row deco 
der/driver 2. Preferably, the spare memory columns 14 
are the same type of memory as the RAM array 1. 
Where any group of columns in the main RAM array 

1 is found to contain one or more defects, it is intended 
that the defective group not be used, and instead that 
the spare columns be used. In the embodiment shown in 
FIG. 1, both the column decoders 4 and the spare col 
umn decoder 15 are connected to the data bus 9 by way 
of logic means 8. These logic means are arranged to 
prevent access to any group of the main array 1 which 
is found to contain defects and also to enable access to 
the spare group of columns 14. A schematic circuit 
diagram of the logic means 8 is shown in FIG. 3. 

In FIG. 3, the individual column decoders 4(0), 4(1), 
4(2) . . . 4(15), associated with each group of columns of 
the array 1 are represented. As explained above, each of 
these decoders 4, which are connected for ganged oper 
ation, is arranged to selectively access one of the four 
columns in the respective group. Similarly, the spare 
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column decoder 15, which again is a 1 from 4 decoder, 
is shown in FIG. 3. 
The logic means 8 comprises a number of substan 

tially identical circuit stages, each stage being associ 
ated with a respective column decoder 4 and hence 
with one group of columns of the main array 1. The ?rst 
stage 16 is connected between the column decoder 4(0) 
and a respective data line 9(0) of the data bus 9. Simi 
larly, an intermediate stage 17 is asssociated with each 
of the intermediate decoders 4(1), (2), (3), . . . (14) and 
hence with the associated group of columns in the array 
1. Each intermediate stage 17 is the means by which the 
respective group of columns can be connected to the 
appropriate data line 9(1), (2) . . . (14) of the data bus 9. 

In the embodiment illustrated the ?rst stage 16 and 
the intermediate stages 17 are substantially identical. 
Further, in this embodiment the ?nal stage 18, which is 
associated with the ?nal column decoder 4(15) and 
which can connect the group of columns associated 
therewith to the data line 9(15) of the data bus 9, is 
slightly different from the preceding stages. 
Each of the circuit stages 16, 17 and 18 includes a 

respective programmable switch 19 which is normally 
closed. As can be seen from FIG. 3, one terminal of 
each switch 19 is connected to Ov (V SS) of the supply 
whereas the other terminal of each switch 19 is con 
nected by way.of a resistor 20 to the supply voltage 
(VDD), for example of 5 volts. Furthermore, for the 
purpose of this discussion, a high voltage level signal 
represents a logical “one”, whilst a low level signal 
represents a logical “zero”. 

Consider the case where the RAM array 1 has been 
tested and one group of columns has been identi?ed to 
contain one or more defects. The normally closed 
switch 19 in the stage 16, 17 or 18 associated with that 
defective group of columns is then moved to the open 
position. It will be seen that this will put a logical “one” 
on the input of a NOR gate 21 connected to the respec 
tive switch 19. The output of the NOR gate 21 is con 
nected to a ?rst transistor 22, and by way of an inverter 
23 to a second transistor 24. It will be seen'that in each 
stage, the ?rst transistor 22 is connected to the respec 
tive column decoder and to the respective line of the 
data bus 9, whereas the second transistor 24, which is 
also connected to the respective line of the data bus, is 
connected to the column decoder associated with the 
adjacent group of columns preceding, or to the right as 
seen in FIG. 3. Thus, if we look at the ?rst stage 16, it 
will be seen that the second transistor 24 is connected to 
the spare column decoder 15. Similarly, the second 
transistor 24 of the adjacent intermediate stage 17 will 
be connected to the column decoder 4(0) whereas the 
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second transistor of the next intermediate stage to the ‘ 
left will be connected to the column decoder 4(1) and so 
on. This cascaded, serial connection continues through 
all the logic circuits such that the second transistor 24 of 
the last stage 18 is connected to the column decoder 
4(14) of the immediately adjacent preceding group of 
columns. 

If, after testing, the memory array 1 is found to con 
tain no defects all 'of the switches 19 remain in their 
normally closed position. If we look ?rst at the ?rst 
stage 16 we will see that the closed switch 19 puts a 
logical “zero” onto one input of the NOR gate 21 such 
that a logical “one” appears at its output. This logical 
“one” is applied to the gate of the ?rst transistor 22 
which is rendered conductive and thus connects the 
column decoder 4(0) to the respective line 9(0) of the 
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6 
data bus 9. In addition, the logical “one” output of the 
NOR gate 21 is applied by way of the inverter 23 to the 
gate of the second transistor 24 which is thus turned off. 
This situation will appear in all of the stages 16, 17 and 
18 as all of the switches 19 are closed and it will thus be 
seen that each group of columns is connected by way of 
its respective decoder 4 and by way of the'?rst transis 
tor 22 of the associated logic circuit stage to the data 
bus 9. In this respect, it will be seen that in the last stage 
18 the NOR gate 21 has been replaced by an inverter 25 
but the result is clearly the same. 

Let us now consider that when the array 1 is tested, 
one group of columns is found to contain one or more 
defects. Let us further consider initially that the defec 
tive group is the ?rst group of columns associated with 
the column decoder 4(0). Because defects are found in 
this ?rst group of columns the normally closed switch 
19 in the associated ?rst stage 16 is opened. Thus, the 
input from the switch 19 to the NOR gate 21 becomes 
“one” such that the output of the NDR gate 21 is 
“zero”. This “zero” is applied to the gate of the ?rst 
transistor 22 which is switched off thereby. Thus, con 
nection of the column decoder 4(0) to the data line 9(0) 
by way of the ?rst transistor 22 of the ?rst stage is 
prevented. The inverter 23 puts a “one” onto the gate of 
the second transistor 24 of the ?rst stage 16 and this is 
effective to turn on this transistor such that the line 9(0) 
of the data bus is connected not to the column decoder 
4(0) but to the spare column decoder_15 and hence to 
the spare group of columns. The change in the status of 
the switch 19 of the ?rst stage 16 does not bring about 
any change in any of the succeeding circuit stages, that 
is those to the left as shown in FIG. 3-, such that each of 
those stages connects the associated group of columns 
to the associated line of the data bus. Thus, the change 
of state of the switch 19 of the ?rst stage is effective to 
inhibit access to the ?rst group of columns of the main 
array 1 but to enable access by way of the spare column 
decoder 15 to the spare group of columns. Thus, the 
spare group of columns has effectively replaced the ?rst 
defective group of columns. 
From consideration of FIG. 1 will be apparent that as 

far as the processor or other control means used with 
the memory circuit is concerned, the memory array 1 
“looks” substantially the same as if the spare columns 
were not in use, and no program changes are necessary 
to gain access to the spare columns. 
As described above, the ?rst‘ group of columns con 

nected by way of the decoder 4(0) was considered to be 
defective and was replaced by the spare group of col 
umns 14. Let us now consider the effect if a different 
group of columns is found to be defective. 

Thus, let us consider that one of the groups of col 
umns connected to a one of the intermediate stage 17 is 
found to be defective. In this case, the switch 19 associ 
ated with that stage is opened to apply a logical “one” 
to one of the inputs of the associated NOR gate 21. As 
previously, this has no effect on any succeeding stages 
17 and 18 to the left, and the groups of columns associ 
ated with those stages remain connected to the respec 
tive lines of the data bus 9. The group of columns which 
has been found to be defective. is isolated from the data 
bus as the ?rst transistor 22 of the respective intermedi 
ate stage 17 is switched off when the respective switch 
19 is opened. Similarly, the second transistor 24 of the 
respective stage is rendered conductive and it will be 
seen that this connects the column decoder of the pre 
ceding adjacent group of columns to the data bus. How 
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ever, this adjacent group of columns is connected not to 
the respective line of the data bus but to the line of the 
data bus associated with the defective group of col 
umns. Thus, the defective group of columns has effec 
tively been replaced by the immediately preceding adja 
cent group of columns. 

Furthermore, in the stage 17 associated with the de 
fective group, the “one” output from the inverter 23 
which has been effective to turn on the associated sec 
ond transistor is also fed by way of a line 26 to the 
second input of the NOR gate 21 of the preceding stage, 
that is, the next stage to the right in FIG. 3. This causes 
the ?rst transistor 22 in that next stage to be turned off 
such that the group of columns which has already been 
connected to the data line associated with the defective 
group is not connected to its respective data line. 

This cascade or serial connection continues through 
all of the preceding stages (to the right) of the stage1 
associated with the defective group of columns such 
that each column decoder is connected to the data line 
associated with the succeeding stage immediately to its 
left. In the ?rst stage, the spare columns are connected 
to the data line 9(0) substantially as previously. 

It will be appreciated that where the defective group 
of columns is any group other than the ?rst group at the 
right hand edge of the array, the group of columns is 
replaced, not by the spare memory columns, but by the 
next preceding group of columns, that is by the columns 

" immediately adjacent the defective group to the right. 
As the replacement group of columns is then connected 
to the data line associated with the succeeding group of 
columns, this replacement group is then in turn replaced 
by the next preceding group of columns and this concat 
enation of replacement continues until the ?rst group of 
columns which is, in its turn, replaced by the spare 
group. 

This serial or chain connection in which each group 
of columns is effectively replaced by the next preceding 
group of columns is important because it enables the 
memory array, even where the spare columns are used, 
to “look” to the processor substantially the same and it 
enables the program to be run without any change in 
addresses being necessary. In particular, there should be 
no increase in the access time of the memory array even 
when the spare columns are being used. 

In the description above it has been stated that the 
memory has l6><4 columns which are arranged in 
groups of four with respective 1 from 4 decoders. Of 
course, the memory can be any suitable number of bits 
wide and these can be grouped as required. Thus, in 
general, the memory can be NXP bits wide, being ef 
fectively divided into N groups of P columns. Each 
group of columns will then have a 1 from P column 
decoder associated therewith. The spare group of col 
umns will similarly be P columns wide and have a 1 
from P spare column decoder. 

Furthermore, it is possible to extend the present in 
vention such that more than one group of columns can 
be replaced. This is indicated schematically in FIG. 4 
which shows one group of P columns of the memory 
connected to the associated 1 from P decoder 4'. This 
decoder 4' is connected to the data line 9’ by way of a 
?rst switch 30 which is equivalent to the ?rst transistor 
22 in the embodiment shown in FIG. 3. Thus, this 
switch 30 is normally closed to enable the columns to be 
connected to the data bus. However, if this group of 
columns is found to be defective, the switch 30 is 
opened to isolate these columns from the data bus. The 
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8 
data line of this stage can be connected by way of a 
normally open switch 32 to the next preceding group of 
columns by way of line 34. This neighbouring group of 
columns will similarly be connected to a neighbouring 
group by opening its ?rst switch (equivalent to switch 
30), and closing its second switch (equivalent to switch 
32) in turn. 

If more than one group of spare columns are pro 
vided, and more than one group of columns in the main 
array are found to be defective, the group of defective 
columns nearest to the last stage, that is furthest to the 
left, is connected to the next preceding stage as de 
scribed above. Thus, the circuit will have been effective 
already to open the switch 30 to isolate the group of 
columns shown in FIG. 4 from the corresponding line 9' 
of the data bus, and to close the switch 32 to connect 
this line 9' of the data bus to the next preceding group of - 
columns. However, if this group of columns is also 
defective switch 32 is then opened and a further switch 
36 is closed connecting the data line 9 not to the next 
preceding group of columns but to the group adjacent 
thereto. This switching is effective through all the 
stages up to the ?rst stage such that two spare groups of 
memory columns are used in place of the two defective 
groups. 

In the Figures the fact that a group of columns con 
tains defects is registered by opening or closing 
switches which may be programmable switches such as 
transistors, or may be fuses which can be blown or not_ 
blown during testing such that the state of the switch is 
frozen. In FIG. 3, the switches connecting the groups of 
columns to the relevant data lines are shown as transis 
tors but other sorts of switches may be employed. ' 

It will be appreciated from the above that the present 
invention enables column redundancy to be imple 
mented in wide RAMS without requiring an unreason 
able increase in silicon area and with no noticeable 
access time penalty. Although the invention can be 
implemented in memories of any width, it is probably 
most ef?cient in wide memories, that is in memories 
which are 8 or more bits wide. 
The invention has been described above as providing 

redundancy for RAM. However, the invention is 
clearly applicable to any memory array in which data 
can be written and thus might be used with erasable 
programmable read-only memory (EPROM). 

I claim: 
1. A memory circuit comprising: 
a memory array having a plurality of individual ele 

' ments arranged in a matrix to de?ne a plurality of 
rows and a plurality of columns, wherein said col 
umns are arranged to form a plurality of ?rst col 
umns groups, each column being assigned to a 
selected one of said ?rst column groups; 

a plurality of ?rst column decoders for enabling ac 
cess to said array, each of said ?rst column decod 
ers being associated with a respective one of said 
?rst column groups and being arranged to access 
selectively any one of the columns in said associ 
ated column group; 

a plurality of further memory elements arranged to 
de?ne a plurality of further columns arranged to 
form a spare column group; 

a further column decoder associated with and ar 
ranged to enable access to said spare column 
group, said further column decoder being arranged 
to access selectively any one of the columns in said 
spare column group; 
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a plurality of data lines, each data line being associ 

ated with a respective one of said ?rst column 
groups; and 

programmable logic means for coupling each of said 
?rst column groups to its associated data line by 
way of the associated ?rst column decoder; 

wherein said logic means can be actuated to inhibit 
access to a selected one of said ?rst column groups 
and to enable access to said spare column group, 
sazd logic means isolating said selelcted ?rst col 
umn group from its associated data line and con 
currently coupling said spare column group to one 
of said data lines. 

2. The memory circuit according to claim 1, wherein 
said logic means is for coupling the data line isolated 
from said selected ?rst column group either to said 
spare column group or to a further one of said ?rst 
column groups, and wherein, when said isolated data 
line is coupled to a further one of said ?rst column 
groups, said logic means being arranged to selectively 
de-couple further ?rst column groups from their associ 
ated data lines, and to concurrently couple said further 
?rst column groups and said spare column group to the 
de-coupled data lines, each of said ?rst column groups, 
except said selected ?rst column group, and said spare 
column group being coupled individually to a single 
respective data line. 

3. The memory circuit according to claim 1, wherein 
each of said ?rst column groups includes an identical 
number of columns, and wherein the number of col 
umns in said spare column group is equal to the number 
of columns in each of said ?rst column groups. 

4. A memory circuit comprising: 
a plurality of individual storage elements arranged in 

an array to de?ne a plurality of rows and a plurality 
of columns, wherein said columns are arranged to 
form a plurality of ?rst column groups, each col 
umn being assigned to a selected one of said ?rst 
colummgroups; 

a plurality of ?rst column decoders for enabling ac 
cess to said array, each of said ?rst column decod 
ers being associated with a respective one of said 
?rst column groups and being arranged to selec 
tively access any one of the columns in said associ 
ated column group; 

a plurality of further storage elemenets arranged to 
de?ne a plurality of further columns arranged to 
form a spare column group; 

a further column decoder associated with and ar 
ranged to enable access to said spare column 
group, said further column decoder being arranged 
to selectively access any one of the columns in said 
spare column group; 

a plurality of data lines, each data line being associ 
ated with a respective one of said ?rst column 
'groups; and 

programmable logic means for coupling each of said 
?rst column groups to its associated data line by 
way of the associated ?rst column decoder; 

wherein said logic means has a respective logic cir 
cuit associated with each of said ?rst column 
groups, each logic circuit comprising ?rst pro 
grammable switch means for coupling the associ 
ated ?rst column group to a respective data line, 
and second programmable switch means for cou 
pling said data line to a different ?rst column group 
or to said spare column group, and 
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10 
wherein said ?rst switch means‘ is arranged for cou 

pling the associated ?rst column decoder and the 
respective data line, and the second switch means is 
arranged for coupling said respective data line and 
a different ?rst column decoder or said further 
column decoder. 

5. In a memory circuit comprising a memory array 
having a plurality of individual elements arranged in a 
matrix to de?ne a plurality of rows and a plurality of 
columns, said columns being arranged to form a plural 
ity of ?rst column groups, each said column being as 
signed to a selected one of said '?rst column groups; a 
plurality ?rst column decoders for enabling access to 
said array, each of .said ?rst column decoders being 
associated with a respective one of said ?rst column 
groups and being arranged to access selectively any one 
of said columns in said associated column group; a plu 
rality of further memory elements arranged to de?ne a 
plurality of further columns arranged to form a spare 
column group, and a further column decoder associated 
with and arranged to enable access to said spare column 
group, said further column decoder being arranged to 
access selectively any one of said columns in said spare 
column group; and a plurality of data lines, each data 
line being associated with a respective one of said ?rst 
column groups; a method for replacing one of said ?rst 
column groups by said spare column group and com 
prising the steps of: - 

isolating a selected one of said ?rst column groups 
from its associated data line to inhibit access to said 
selected ?rst column group; 

concurrently coupling said spare column group to 
one of said data lines such that said spare column 
group is accessed; 

coupling the data line isolated from said selected ?rst 
column group either to said spare column group or 
to a further one of said ?rst column groups, and 
when said isolated data line is coupled to a further 
one of said ?rst column groups, selectively de-cou 
pling further ?rst column groups from their associ 
ated data lines, and concurrently coupling said 
further ?rst column groups and said spare column 
groups to the de-coupled data lines such that the 
spare column group and each of said ?rst column 
groups, except the selected ?rst column, are indi 
vidually coupled to a single respective data line. 

6. A method according to claim 5, wherein said iso 
lated data lines is coupled to the ?rst column group 
adjacent to and preceding said selected ?rst column 
group, the spare column group constituting the column 
group adjacent to and preceding the ?rst one of the ?rst 
column groups. 

7. The memory circuit according to claim 2, wherein 
said logic means is arrangéd for coupling said isolated 
data line to the adjacent preceding ?rst column group, 
the spare column group constituting the column group 
adjacent to and preceding the ?rst one of the ?rst col 
umn groups. 

8. The memory circuit according to claim 7, wherein 
said spare column group is physically adjacent to the 
?rst one of the ?rst column groups. 

9. The memory circuit according to claim 3, wherein 
each row of the memory array is arranged to store more 
than one data word, the same data bit of every data 
word being stored in the same column group. 

10. The memory circuit according to claim 9, 
wherein the number of columns in each column group is 
equal to the number of data words to be stored in each 
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row, and the number of column groups is equal to the 
number of data bits making up each data word. 

11. The memory circuit according to claim 10, 
wherein correspondingly positioned bits of each data 
word are stored in each column group. 

12. The memory circuit according to claim 1, 
wherein said logic means has a respective logic circuit 
associated with each of said ?rst column groups, each 
logic circuit comprising ?rst programmable switch 
means for coupling the associated ?rst column group to 
a respective data line, and second programmable switch 
means for coupling said data line to a different ?rst 
column group or to said spare column group. 

13. The memory circuit according to claim 12, 
wherein said ?rst switch means is arranged for coupling 
the associated ?rst column decoder and the respective 
data line, and the second switch means is arranged for 
coupling said respective data line and a different ?rst 
column decoder or said further column decoder. 

14. The memroy circuit according to claim 12, 
wherein said second switch means is arranged for cou 
pling said respective data line to the column decoder 
associated with the adjacent preceding column group, 
the spare column group constituting the column group 
adjacent to and preceding the ?rst one of the ?rst col 
umn groups. 

15. The memory circuit according to claim 12, 
wherein each said logic circuit includes a further pro 
grammable switch means for controlling said ?rst and 
second switch means. 

16. The memory circuit according to claim 15, 
wherein said further switch means normally controls 
the ?rst switch means to couple the associated ?rst 
column group to said respective data line, and normally 
controls the second switch means to isolate said respec 
tive data line from other column groups. 

17. The memory circuit according to claim 16, 
wherein said further programmable switch means is a 
normally closed switch. ' 

18. The memory circuit according to claim 17, 
wherein said further programmable switch means is a 
fuse. 

19. The memory circuit according to claim 17, 
wherein said further switch means is arranged to be 
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opened for indicating that the associated ?rst column 
group contains one or more defects. 

20. The memory circuit according to claim 15, 
wherein the further progrommable switch means of 
each logic circuit is also arranged for controlling the 
condition of said ?rst and second switch means of the 
next logic circuit associated with the adjacent preced 
ing ?rst column group. 

21. The memory circuit according to claim 15, 16, 17, 
18, 19 or 20, wherein the ?rst and second switch means 
of each logic circuit are ?rst and second transistors 
whose gates are connected to said further switch means, 
the gate of one of said transistors being coupled to said 
switch means by way of an inverter. 

22. The memory circuit according to claim 12, 
wherein additional programmable switch means are 
provided in each of said logic circuits for coupling each 
data line to further column groups. 

23. The memory circuit according to claim 22, 
wherein a plurality of spare column groups are pro 
vided, each spare column group having an associated 
further column decoder. 

24. The method according to claim 6, further com 
prising coupling any ?rst column group whose respec 
tive data line has been coupled to the succeeding col 
umn group to the data line of the adjacent preceding 
column group, the data line of the ?rst one of the ?rst 
column groups being coupled to said spare column 
group, such that each data line is only coupled to one 
column group. 

25. The method according to claim 6, wherein two or 
more spare column groups are provided, and further 
comprising coupling any ?rst column group whose 
respective data line has been coupled to the succeeding 
column group to the data line of a preceding column 
group, the data line of the ?rst one of the ?rst column 
groups being coupled to one of said spare column 
groups such that each data line is only coupled to one 
column group. 

26. The method according to claim 25, wherein ac 
cess to a plurality of selected ?rst column groups is 
inhibited by isolating each said selected column group 
from its respective data line, the number of isolated 
selected column groups being less than or equal to the 
number of spare column groups. 

* * * i * 


